Recent studies of leachate induced toxicity have mainly focused on crude leachates collected once from the landfill site, while little attention has been paid to the changes in toxicity resulting from the varying leachate concentration with respect to seasonal variation. The present study deals with the toxicological effects of municipal landfill leachate on Vicia faba. Leachate samples were collected in different seasons (summer, monsoon and winter) and toxicity study was performed via various parameters like germination inhibition, growth, chlorophyll content, lipid peroxidation and activities of antioxidant enzymes. The results show that landfill leachate of all three seasons promoted the growth and chlorophyll content at lower doses for short exposure time but at the higher doses there was inhibition of growth as well as reduction in the chlorophyll content. There was a dose dependent elevation in the malondialdehyde (MDA) level and inhibited antioxidant enzyme activities. The physiological responses varied as a function of leachate concentration which was further dependent on the season of leachate collection. Therefore, this study suggests that the leachate collected in all the three seasons is toxic and may pose a health effect to the general public directly or indirectly. It also suggests that the most important aspect for the treatment of landfill leachate is controlling its concentration which varies with respect to the seasons of leachate collection.
Introduction
Landfills are the primary option for the disposal of Municipal solid waste (MSW) all over the world but most of these landfills are non-engineered which can't prevent the contamination of the soil and ground water by the toxic leachate produced [1] . The decomposition of solid waste in the landfill, along with rainwater penetration is responsible for the formation of a dark liquid with unpleasant odour known as leachate [2] [3] . The general composition of landfill leachate is very complex; it is known to be rich in metals, ammonia, organic compounds and other toxicants that may be of great concern for the aquatic environment [4] . High organic matter in the landfill leachate is generated due to the penetration of precipitation through the waste that leads to the biodegradation [5] . It has been reported previously that toxic and carcinogenic chemicals are present in the leachates of MSW landfills [6] . MSW landfills that are mostly present in the urban areas pollute ground and surface water which causes problems to the environment and pose risk to human health [4] [7] - [10] .
In large parts of Asia, landfill characteristics are influenced by the monsoon climate, which includes the characteristic differences between the rainy season and dry seasons. Leachate in dry season is concentrated because of the evaporation where as in the rainy season, large amount of leachate is produced with low concentration [11] [12] . For the proper and efficient operation of leachate treatment, evaluation of seasonal variation plays an important role [13] [14] .
The toxicity is generally determined based on its physicochemical properties, with ammonia, chemical oxygen demand (COD) and heavy metals being identified as the major contributors [15] . In contrast to chemical analysis alone, bioassays can be used to characterize the toxicological effects of the municipal solid waste leachates that would integrate the biological effects of all the constituents of the leachates. Thus, with the help of bioassays, bioavailability, synergistic, antagonistic, additive affects of the constituents of the leachate can be assessed directly without going for assumptions and extrapolations made from chemical analysis alone [7] . Cytogenetic abnormalities and DNA damage induced by MSW Leachate implicate that humans consuming leachate contaminated water are at risk of developing adverse health consequences. Therefore, it is an important task to monitor the toxic potential of MSW landfill leachate [16] .
Previous studies reported that leachate induces eco-toxicity. However less attention has been paid to the toxicity induced due to seasonal variations in the leachate composition. Present study has been aimed to estimate the toxicity of leachate collected in different seasons. Higher plants provide a useful genetic system for screening and monitoring of environmental pollutants. Mutagenic activity of chemicals has been analysed with different plant systems such as Allium cepa, Vicia faba, Hordeum vulgare [17] . Previously, Sang and Li, [17] have reported that in the root tips of Vicia faba treated with landfill leachate, there was a significant increase in the micronucleus (MN) frequencies and anaphase aberration (AA) frequencies in a concentration dependent manner. Various studies have shown that legume crops are very responsive to leachates in terms of growth and seed germination [18] . As Vicia faba belongs to the legume family, for this reason, in the present study the toxicity of landfill leachate has been investigated with Vicia faba bioassay.
Material and Methods

Landfill Site
The Okhala landfill is in operation since 1994. The expected life span of Okhala landfill was till 1997-1998 but the garbage is being dumped into the landfill even now. It is located in the south of Delhi, which is in proximity to the heavily populated residential area and is one of the biggest industrial areas in close proximity to the Yamuna river bank (Figure 1) . Approximately 1200 T/day is dumped into the landfill. The waste disposed in the landfill includes domestic waste consisting of kitchen waste, paper, plastic, glass, cardboard, cloths, construction and unauthorised industrial waste.
Landfill Leachate Sample Collection and Analysis
According to multi-spot collection principle [19] , the leachate samples were collected from different points of the landfill, mixed and sealed in bottles and transported to laboratory for further analysis without any delay. Samples were collected in three different seasons (Summer, Monsoon and Winter) from the Okhala landfill site. pH, Electrical conductivity (EC), Total dissolved solids (TDS) were measured in the field without any delay by water analysis kit (PC-510, Eutech Instruments). Basic physicochemical properties of the leachate samples col- lected in different seasons were analysed according to Standard methods [20] . Metals were analysed by Atomic absorption spectrophotometer (Thermo Scientific). Chemical oxygen demand (COD) was measured by the potassium dichromate oxidation method, Biochemical oxygen demand (BOD) was measured by a 5-day BOD test (APHA). Ammonia concentration was measured by ammonia selective electrode.
Plant Material Used
Dry seeds of Vicia faba were supplied by the Indian Agricultural Research Institute (IARI), Pusa, New Delhi. The seeds were soaked for 10 h in distilled water and then allowed to germinate on moist germination sheets. The experiment has been conducted in an incubator at (25 ± 1)˚C under a dark/light cycle (14 h:10 h) in three replicates to minimize the experimental errors.
Germination and Growth
Six experimental groups were taken with sixty seeds in each group. Five groups (6.25%, 12.5%, 25%, 50% and 100%) were subsequently exposed to different concentrations of leachates by diluting the crude leachate with distilled water while the negative control group was exposed to distilled water. The germination ratio of 60 seeds in each treatment was measured after exposure for 24, 48 and 72 h. Thirty seedlings which reached 1.4 cm root length were treated for 120 h, and seminal root and shoot length were measured after every 24 h. Moreover, the leaves were simultaneously harvested after 5-days treatment for further tests.
Chlorophyll Estimation
Chlorophyll content was measured according to Sang et al. [21] . In brief, fresh leaves samples (0.1 g) were pul-verized with distilled water and the homogenate was extracted using 80% acetone. Absorbance of the supernatant was measured at 663 and 645 nm using spectrophotometer (Shimadzu 10109). The content of chlorophyll a (Chl a) was calculated using the formula Chl a = 12.7 A 663 -2.69 A 645 . The content of chlorophyll b (Chl b) was calculated using the formula Chl b = 22.9 A 645 -4.68 A 663 . The results were expressed as mg/g FW (fresh weight).
Estimation of Lipid Peroxidation
The level of lipid peroxidation was estimated by measuring the concentration of malondialdehyde (MDA). MDA is a common product of lipid peroxidation and is a sensitive diagnostic index of oxidative injury [22] [23] . In brief, fresh leaf sample (1 g) was ground in 5% trichloroacetic acid (W/V) and the homogenate was centrifuged at 4000 g for 10 min. The supernatant fraction was added to an equal volume of 0.6% thiobarbituric acid (W/V). The mixture was heated at 100˚C for 10 min and then centrifuged at 3000 g for 10 min after it was cooled. The absorbance of the supernatant was measured at 532 nm and lipid peroxidation level was expressed as nmol MDA/g FW (fresh weight).
Measurement of Antioxidant Enzyme Activity
SOD activity was measured by Nitro Bluetetrazolium (NBT) spectrophotometry [24] . In brief, fresh leaf sample (0.5 g) was homogenised in phosphate buffer (0.05 M, pH 7.8) and the homogenate was centrifuged at 1000 g for 20 min at 4˚C. The supernatant was added to the reaction mixture, containing 130 mM DL-methionine (Met), 750 µM NBT, 100 µM EDTA-Na 2 and 20 µM Lactoflavin, in order to determine the absorbance at 560 nm. Inhibition of 50% of the reaction was defined as one unit of enzyme and the enzyme activity was expressed as U/g FW.
Catalase (CAT) activity was assayed according to the method of Zhang [25] , with slight modifications. In brief, fresh leaf sample (0.25 g) was homogenised in phosphate buffer (0.2 M, pH 7.8) containing 1% polyvinylpyrrolidone K30. The homogenate was centrifuged at 4000 g for 15 min at 4˚C and the supernatant was used for the enzyme assay. CAT activity was examined by measuring the decrease of absorbance at 240 nm in a reaction mixture containing 0.3 ml H 2 O 2 (0.1 M) and 0.1 ml extract. Results were expressed as U/min/g Fw.
Statistical Analysis
Results are presented as the mean ± SD. The statistical difference (0.05) among the negative control and a series of treated groups was analyzed using one-way analysis of variance (ANOVA). We used Graph pad prism software package for all statistical analyses.
Results
Properties of Landfill Leachate Samples
Basic chemical properties of the leachates are presented in Table 1 . The 5-day Biochemical Oxygen Demand (BOD 5 ) and Chemical Oxygen Demand (COD) were beyond the permissible levels (50 mg/L and 250 mg/L respectively) as per Gazette of India [26] in all the three seasons, which showed high organic strength of the leachates. Both BOD 5 and COD were high in the summer season. Heavy metals including Cr and Pb were found beyond the permissible limits (2.0 mg/L and 0.1 mg/L respectively) [26] . The concentration of ammonical nitrogen was very high in the leachates; this is due to the process of deamination of amino acids during decomposition of organic compounds. Ammonical nitrogen is considered as a major toxicant to living organisms and it was beyond permissible level (50 mg/L) in the leachates collected in all three seasons. High concentrations of Chloride (permissible level 1000 mg/L) and Sulphate were also found in the leachates.
Germination
In the present study it was observed that leachate collected during summer season showed the reduced seed germination as compared to the monsoon and winter season. In summer season, the seed germination was decreased to 4.44% at 25% of leachate treatment and total inhibition was observed at 50% and 100% of treatment after 72 h of exposure. Whereas in the leachate collected in monsoon season it decreased up to 30.56% and 5% of control at 50% and 100% concentrations of leachates after 72 h of exposure. Similarly, in the leachate col-lected during winter season the germination was reduced up to 11.11% and 3.3% of control at 50% and 100% leachate treatment respectively after 72 h of exposure ( Table 2 ).
Early Seedling Growth
Root Growth
A time and dose dependent root length inhibition was observed in all the three seasons with respect to control. During the initial exposure period the root growth was not affected by the lower doses of leachate collected in summer season (Figure 2(a) ). With increase in the time of exposure the difference compared to control was significantly augmented, where as crude leachate totally inhibited the root growth.Seeds treated with leachate collected in monsoon, augmentation was observed up to 25% concentration of leachate and it was inhibited with further increase in the dose of leachate treatment (Figure 2(b) ). Similarly a dose dependent inhibition of rootlength was also observed in winter season leachate treated seeds but the root length augmented up to 6.25% leachate concentration, where as it was inhibted in a time and dose dependent manner with respect to control (Figure 2(c) ). 
Shoot Elongation
The shoot growth was not affected much at the lower concentrations of leachate collected in summer and winter season during the first 24 h of exposure but with the increase in time of treatment the shoot growth was inhibited even at the lower doses as compared to the control group (Figure 3(a) and Figure 3(c) ). Total inhibition of shoot length was observed in crude leachate. In the monsoon season the shoot growth was promoted even at the lower leachate concentration and with increase in time of treatment the growth was promoted, but at the higher doses (50% and 100%) the shoot growth was inhibited (Figure 3(b) ). 
Chlorophyll Levels
The Chl b content was increased at lower concentrations of the leachate collected in summer. With further increase in concentration of leachate, content of Chl b started declining and was reduced to 79.1%, 63.1% and 60.02% of control at 25%, 50% and 100% leachate concentration respectively. Even at the lower concentration of the leachate, content of Chl a decreased. The Chl a content was 29.2% and 27.7% of control in 50 and 100 % leachate treated groups, respectively (Figure 4(a)-(b) ).
Chlorophyll content in the leaf tissues of seedlings treated with landfill leachate collected in monsoon season showed slight changes as compared to summer samples. All the concentrations significantly increased the level of Chl b in the leaf tissues of the treated seedlings. At 50% and 100% leachate treatments the level of Chl b was found to increase to 1.7 fold and 1.9 folds of control respectively. Whereas the levels of Chl a were significantly reduced to 60.8% and 68.6% of control at 50% and 100% leachate concentrations respectively.
In the seedlings treated with leachate of winter season, at 50% and 100% of leachate concentrations Chl a was found to be 31.7% and 27.3% of the control samples. The effect of leachate treatment on the Chl a was more than the Chl b. While, the Chl b content was found to be 80.1% and 68.4% at leachate concentration of 50% and 100% respectively. 
Antioxidant Enzymes
Catalase
The CAT activity in the leaves of seedlings treated with landfill leachate collected in summer season decreased significantly in a dose dependent manner. After 6.25% leachate treatment there was significant decrease in the CAT activity. At 50% of leachate treatment, the CAT activity was reduced up to 57.1% of the control which was further decreased up to 51.8% of control at 100% leachate treatment (Figure 5) .
The CAT activity of the sample treated with leachate of monsoon season was not affected significantly in all the treatment concentrations of landfill leachate. In the lower concentration the CAT activity remained unaffected. But at 50% and 100% leachate concentrations the CAT activity was reduced significantly up to 82.4% and 72.4% of the control respectively.
However in the samples treated with leachate collected in winter it was observed that, at 12.5% leachate treatment, the CAT activity was increased up to 117.8% of the control where as at 50% and 100% leachate concentration, the CAT activity was reduced up to 67.9% and 64.9% of the control.
Superoxide Dismutase
In case of seedlings treated with leachate collected in summer the SOD activity increased at higher leachate treatment concentrations. It reached up to 117.41% and 121.43% of control in 50% and 100% leachate concentrations respectively. While SOD activity of the seedlings treated with landfill leachate collected in monsoon season showed different kind of results. There were no significant changes observed even at highest concentration (100%) of leachate. On the other hand seedlings treated with leachate collected during winter season the SOD activity was 116.39% and 116.6% of control in 50% and 100% leachate concentrations respectively (Figure 6) .
These results indicate that there is a clear variation in the SOD activity in the seedlings treated with leachate collected in different seasons. The SOD activity was mostly affected in the seedlings treated with leachate collected in summer season followed by winter.
Lipid Peroxidation
After the seedlings were exposed to different concentrations of leachate, the level of MDA was elevated in a dose dependent manner of leachate collected in summer, monsoon and winter season. The seedlings treated with leachate collected in summer season showed that the MDA levels in the leaf were elevated more significantly with increase in leachate concentration (Figure 7) . MDA levels augmented to 1.7, 2.5, 2.5, 3 and 3.5 fold of control at the 6.25%, 12.5%, 25%, 50% and 100% respectively. Similarly seedlings treated with leachate of monsoon season, the level of MDA was significantly augmented by 1.9 and 2.5 fold at 50% and 100% respectively as compared to control group. While the seedlings treated with leachate collected in winter, MDA was significantly augmented at 25% to 2.5 fold of control and further increased with increase in the leachate concentration up to 3.0 fold of control at 100% leachate concentration.
Discussion
After analysis of the basic properties and chemical composition of the leachates collected in three seasons indicate that although landfill leachate is a mixture and contains different types of contaminants, there are some general underlying pollutants common to all landfill effluents [27] . These include a higher content of heavy metals and dissolved organic compounds as well as unbalanced nutrient composition for plant growth [21] .
The leachate samples collected in all the three seasons affected the growth (root and shoot) in Vicia faba seedlings, the effects varied in a time and dose dependent manner when compared to control. Significant inhibition of the seed germination was observed at higher treatment of the leachate. These findings might have resulted from the damaged defence system and consequent unbalanced metabolism in case of higher concentration pollutants [28] . The increase in root and shoot length and chlorophyll content at the lower concentration of leachate over short period of treatment might be a result of the hormetic effect [28] [29] . This may represent an over compensation due to disruption of homeostasis or stimulation of defence reactions leading to a general activation of metabolism [30] [31] . Our findings suggest that with the increase in the concentration of exposure the ability of stress defence of plant system may decrease. Vegetation system could be tolerant to stress from the leachate samples at lower concentration but not at higher concentrations. The plant growth, homeostasis and stress were all highly related to the controlled modulation of reactive oxygen species (ROS) [32] . Since the membrane lipids and proteins are the preferred targets of ROS in plants under environmental stress [33] , they are considered to be reliable indicators of controlled modulation of ROS levels and oxidative stress [34] [35] . In the lower concentrations of leachate, oxidative damages were not observed but the stress became significant with increasing concentration of leachate which suggests that there is lower level of pollutants at the lower leachate concentration. These defence reactions may cleave ROS generated via elevated antioxidant defence system in the tissue. Whereas, exposure to higher level of leachate treatment which contains higher level of pollutants and induces the production of ROS, the capacity of antioxidant system was exceeded or inhibited. As a result of excessive ROS, it attacks lipids and proteins and the plant experienced substantial oxidative stress [21] .
Additionally, the activities of antioxidant enzymes (SOD, CAT) were tested under the same treatment conditions for all the three seasons. SOD is a protein class that contains metals and catalyzes the dismutation of superoxide radical anions into H 2 O 2 and molecular oxygen [36] . The elevated SOD activity in Vicia faba seedlings because of the pollutants in the leachate samples induced SOD to increase the generation of H 2 O 2 .Whereas for low concentration sample exposure, with lower pollutant levels, the plant cells presented endogenous protective effect, and the antioxidant enzymes were induced. Under these conditions, CAT was stimulated to scavenge the H 2 O 2 that was produced because of which there was no oxidative stress. However, the levels of H 2 O 2 were higher due to increased pollutant concentration at higher concentration of leachate, which exceeded the scavenging capacity of CAT. Because of this, CAT activity was inhibited and oxidative damage occurred in the plants treated with higher leachate concentration in all the three seasons but the inhibition was more in summer followed by winter and monsoon at same treatment concentrations. These results indicate that the plant cells showed endogenous protective effects, which induced the antioxidant enzymes to prevent against lipid peroxidation, at lower level of leachate concentration in all the three seasons. Our results are in line with the earlier studies [21] [37] .
It has been reported earlier that most of the contaminants that are present in the leachate are toxic and are capable to induce mutations [38] . The potential of leachate to cause hazards to public health and water quality are well known [6] [39] . Beside these toxic elements, some nutrient elements are also present in the leachates [27] . In case of the leachate collected in summer and winter season, the high level of toxic organic compounds and heavy metals that are present in the leachate concealed the action of nutrient elements and showed inhibitory effects on growth as well as other parameters studied [16] .
Conclusion
Present study confirms that landfill leachate may act as a physiological and cytotoxic agent in plant cells. It also implies that leachate in summer and winter season is more toxic as compared to that in monsoon season. It indicates that the mixture can result in the contamination of aquatic environment in the vicinity of the landfill even at dilute concentrations if the leachates are released without treatment and because of this the contaminated aquatic environment may pose a risk to the organisms exposed. It also suggests that the most important aspect for the treatment of landfill leachate is controlling its concentration which varies with respect to different seasons so that the proper management of landfills is ensured.
